This randomized controlled trial aimed to test the effectiveness of brief face-to-face patient education in increasing influenza vaccination rate among elderly in the community. Recruitment and intervention were conducted at two general outpatient clinics in Hong Kong. 529 eligible patients were randomly assigned to intervention or control group with 1:1 allocation ratio. Patients in the intervention group received 3-min oneon-one verbal education by medical students and a pamphlet regarding influenza vaccination. Neither verbal health education nor pamphlet was given to the control group. Intention-totreat analysis showed significantly higher vaccination rate in the intervention group compared with the control group (33.6 versus 25.0%) and the adjusted relative risk was 1.34 (95% CI 1.04-1.72; P ¼ 0.021). Hence, brief face-to-face patient education was effective in increasing influenza vaccine uptake rate of communitydwelling elderly patients. Participants who were undecided whether to receive vaccination seemed to demonstrate larger beneficial effect (RR ¼ 7.84; 95% CI 1.06-57.76) compared with patients who were certain of either receiving (RR ¼ 1.16; 95% CI 0.90-1.48) or not receiving (RR ¼ 2.18; 95% CI 0.68-6.99) the vaccine. The study also revealed that patients' intention for vaccination may not translate into action, reasons for which should be explored in future research.
Introduction
Seasonal influenza causes heavy burden to the health care system due to its high prevalence and severe complications. Globally, the annual attack rate of influenza for adults is 5-10%, which a3ccounts for 3-5 million cases of severe illness and 250 000-500 000 deaths. [1] The elderly, which refers to people at least 65 years old, is one of the high-risk groups who are particularly susceptible to severe complications and death. In the United States, about 90% of influenzarelated deaths occurred in the elderly [2] . With 30% of their citizens over the age of 60 by 2030, developed countries are expected to face an unprecedented challenge from influenza [3] .
A meta-analysis of observation studies conducted in the elderly shows that influenza vaccination is efficacious in reducing hospital admission and death due to influenza [4] . Health economic study also showed that vaccinating people over the age of 65 years was a cost-effective public health intervention which could lead to savings of medical cost [5] . The World Health Organization (WHO) recommends a 75% vaccination coverage among the at-risk groups, including the elderly [6, 7] , but the vaccination coverage is below the target of 75% in many countries. In the United States, the vaccination coverage rate in the elderly during the 2014-2015 season was 66% [8] . In the European Union, the vaccination coverage ranged from 1 to 77% (median 44.7%). In 2012-2013 only two member countries of the EU reached the target vaccination rate [9] . A recent systematic review and two RCTs showed that nurses or pharmacists educating participants about influenza vaccination increased the uptake rate compared with no intervention [10] [11] [12] However, RCTs have yet to be reported in East Asia regarding interventions with the aim of increasing influenza vaccine uptake rate in the elderly.
The major barriers to influenza vaccination in the Asia-Pacific region could be categorized into three main problems: accessibility, funding and misconceptions. While limited accessibility and insufficient public funding remain the major hurdles to increasing vaccination coverage in developing countries such as India and Vietnam, misconceptions play a bigger role as barrier to vaccination in more affluent places like Hong Kong [13] . Overestimating chances of severe adverse effects due to influenza vaccination or underestimating the incidence of severe complications due to influenza were found to be important barriers to influenza vaccination in Hong Kong elderly people [14] . This explains why even though the Hong Kong government introduced a subsidized influenza vaccination scheme for the elderly since 2004, their vaccination rate was only 39.1% in 2012, which was substantially lower than the level recommended by the WHO [15] . Additional efforts are required to improve the vaccine uptake rate in order to prevent adverse influenza-related outcomes. Given misconceptions being an important barrier for elderly to receive vaccination in Hong Kong, we believe that patient education may empower them with accurate information in order to make an informed decision and hence improve the vaccine acceptance. The aim of this RCT was to test the effectiveness of face-to-face patient education in increasing uptake of influenza vaccine among elderly people in the community.
Materials and methods

Design, sample and setting
This was a stratified, unblinded, parallel-group RCT with balanced allocation ratio. The recruitment was conducted from 19 October to 30 October 2015 at two general outpatient clinics (GOPCs) in the Hong Kong Hospital Authority Hong Kong West Cluster, which provide primary care for patients with episodic or chronic diseases in Western and Southern Districts. Patients waiting for consultation in the GOPCs were eligible for inclusion if they were aged 65 years or above, able to speak Cantonese and of Chinese ethnicity. The cut-off age was set at 65 years as individuals aged 65 years or above were eligible to receive free vaccination provided by the government. Patients were excluded from the study if they recalled having received influenza vaccine after 31st August, 2015, were cognitively impaired, unable to communicate effectively, known to have contraindications to influenza vaccination, or primarily institutionalized. The reporting of this trial follows the guidelines in CONSORT 2010 Statement [16] .
Procedure
Investigators, who are medical students, approached patients awaiting medical consultations in the GOPCs to screen for those aged 65 years or above. All elderly patients were invited to participate in the study. After obtaining an oral informed consent, investigators administered a baseline questionnaire to confirm that the patients met no exclusion criteria and record their demographics, self-reported diagnoses, vaccination history and intention to receive influenza vaccine. Written consent was obtained from patients who met all inclusion criteria and no exclusion criteria before they were randomized to either intervention or control. The research personnel informed each eligible participant the purpose and nature of the study, the potential risks and benefits of participation, and their right to refuse participation or withdraw at any time during the study. K. C. Leung et al.
Randomization
Randomization sequence was generated by www. sealedenvelope.com with a 1:1 allocation ratio and variable random block sizes [17] . Patients were stratified by gender and influenza vaccination status in the previous 2 years which are factors significantly associated with vaccination rate [18] [19] [20] [21] . After the obtainment of written consent, investigators phoned a contact person, who was independent of the enrollment process, to receive the group allocation for the participant at hand.
Intervention
Patients in the intervention group received a 3-min one-on-one verbal health education by the investigators and a pamphlet regarding influenza vaccination for elders produced by the Centre for Health Protection immediately after randomization [22] . The health education intervention was designed with reference to the health belief model, which may partially explain influenza vaccination uptake in the local elderly population [19] . A written script was used to standardize the contents of education, which included prevalence, modes of transmission, symptoms and complications of influenza, efficacy and adverse effects of influenza vaccination. It was highlighted that they could get vaccinated free-ofcharge in the same clinic visit and doctors advised all elderly people to receive the vaccination. After the brief health education, a maximum of 2 min was allowed for patients to ask questions. Investigators only provided information included in the leaflet and gave standardized answers to a pre-specified list of frequently asked questions. Accuracy of the speech and answers to frequently asked questions were validated by two infectious disease specialists. When questions raised by participants were out of the scope of the prepared materials, we advised them to consult their doctors. Patients in the control group received no health education from the investigators. Yet, they could still access the information through other channels including posters and leaflets displayed in the clinics and mass media coverage of the vaccination program. Participants who wanted to receive vaccination could approach the nurses before or after medical consultations. Participants in intervention and control groups lined up in the same queue for vaccination. The nurses in-charge were unaware of their assigned intervention.
Outcome
The primary endpoint was the proportion of patients receiving influenza vaccination at the same clinic within three working days. To assess the possible effect of intervention on vaccine uptake, proportions of patients receiving vaccination on the same day and in longer post-intervention periods, i.e. 5, 7 and 9 days, were also recorded as secondary endpoints for sensitivity analysis. Lists of individuals getting vaccinated on the day of intervention and the eight following working days were obtained from the nursing stations for outcome recording. Investigators who retrieved outcome data from nursing records were unaware of the participants' assigned intervention.
Statistical analysis
The local vaccination rate of 58.5% was taken as the estimated vaccination rate of the control group [14] . Using the test of two proportions, a total sample size of 524 participants was necessary to detect a 20% increase in vaccination rate (i.e. 58.5% in the control versus 70.2% in the intervention) with a level of significance of 0.05 (2-sided) and 80% power. Analyses were carried out using SPSSv.23 and SAS University Edition 2015 in December 2015. Following the intention-to-treat principle, all randomized patients, including those who did not complete the intervention, were included in the analyses. Baseline characteristics of the control and intervention groups were tabulated for comparison. Continuous variables were reported in means and standard deviations, while categorical data were reported in proportions. Chi-square test for categorical data and Wilcoxon signed-rank test for continuous data were performed to detect statistically significant differences in baseline data. The primary endpoint, proportions of patients receiving influenza vaccination within three working days in Impact of education on elderly flu vaccine uptake intervention and control groups were compared using Mantel-Haenszel test, adjusted for the stratifying factors, namely gender and past influenza vaccination status. Analysis of secondary endpoints followed the same method. As specified in the protocol, Poisson regression was used for the primary outcome, fitted with adjustments for age, sex, education level, presence of risk factors defined by Centre for Health Protection guidelines, influenza vaccination in the past 2 years, other vaccinations in the past 2 years and diagnosis of influenza in the past 2 years. Adjusted relative risks (ARRs) and their 95% confidence intervals were reported whenever applicable. For exploratory purpose, post hoc subgroup analysis by intention of vaccination was conducted. Patients were divided into three subgroups according to their initial intention to get vaccinated as recorded in the baseline questionnaire. Breslow-Day test with Tarone adjustment was used to compare the intervention effect sizes across participants with different initial intentions.
IRB approval
Ethical approval was obtained from the Institutional Review Board of the University of Hong Kong/ Hospital Authority Hong Kong West Cluster (UW 15-475).
Results
Among patients attending the GOPCs during study hours within the investigation period, 726 were eligible for inclusion. 529 patients (72.9%) agreed to participate in the study. 265 participants were in the intervention group and 264 in the control group. In the intervention group, 243 (91.7%) of the participants completed the whole 3-min education. No participants in the control group received the intervention (Fig. 1) . The baseline variables of both groups were similar (Table I) . Among the 529 participants who were randomized, 155 (29.3%) received influenza vaccination within three working days. 89 (33.6%) in the intervention group received vaccination, compared with 66 (25.0%) in the control group.
For the primary endpoint, ARR calculated with Mantel-Haenszel test was 1.34 (95% CI 1.04-1.72; P ¼ 0.021), showing that the vaccination rate in the intervention group was significantly higher than that of the control group. Therefore, the primary endpoint of attaining higher vaccination rate in the intervention group compared with control was met. Sensitivity analysis was performed with vaccination rates recorded on the first, fifth, seventh and ninth days after intervention. Vaccination rates of the intervention group were significantly higher than those of the control group for all study periods (Table II) . In Poisson regression model, the ARR of getting vaccinated within three working days was 1.35 (95% Cl 0.98-1.87; P ¼ 0.069) (Table  III) . 
Discussion
This study showed that a 3-min face-to-face health education with pamphlet raised the 3-day vaccination uptake rate from 25.0% in the control group to 33.6% in the intervention group, an 8.6% increase. This finding is compatible with previous randomized controlled trials using face-to-face interventions by physicians, nurses and pharmacists in elderly populations, which generated moderate increases in influenza and pneumococcal vaccination uptake rates [11, 12, 23] . With nearly 6.2 million yearly attendances at public primary care services in Hong Kong, territory-wide implementation of patient education in GOPCs may lead to substantial increase of vaccination level in the elderly population [24] . K. C. Leung et al. Risk factors: chronic cardiovascular (except hypertension without complication), lung, metabolic or kidney disease, obesity (BMI 30 or above), immunocompromised state, chronic neurological condition that can compromise respiratory function or the handling of respiratory secretions or that can increase the risk for aspiration, lack of ability to take care for oneself [36] .
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The baseline vaccination rate in this study was low compared with a previous local study by Yu et al. [14, 25] despite the general increase of injections under government-subsidized vaccination programs. Several reasons may explain this finding. Firstly, only elderly people with 'medical risk status for influenza and its serious complications' were included in Yu et al.'s study, while 40.8% of patients in this trial had no risk factors apart from old age. As chronic disease is associated higher influenza vaccination rate, this difference in population characteristic may explain the low vaccination in this study [18, 19] . Secondly, Yu et al. adopted convenience sampling and self-reporting of vaccination status in their study, which may lead to overestimation of vaccination rate. Another factor that contributed to lower than expected vaccination rates was some participants may have received vaccinations from private service providers. Even though elderly people receiving vaccinations at private clinics were not fully subsidized, roughly 40% of influenza vaccinations were administered by the private sector [15, 26] . Moreover, in this study the uptake rate within three working days was chosen as the outcome measure, while Yu et al.'s study reported influenza in the past 12 months. We set three working days as the limit in view of the routine practice of the GOPCs. As the nursing staff could only vaccinate a fixed number of patients every hour, patients may need to wait for vaccination when the queue was long. Some patients refused to wait and ask for rescheduling instead. Another scenario where patients could not receive vaccination during their visits was that patients attended the clinics in the afternoon, when all quotas on that day had been occupied. These patients were advised to go back to the clinics for vaccination on the two following working days. Using 3-day vaccination rate as outcome measure enables better assessment of how the intervention affected patients' on-site decision. It also reflects the effectiveness of GOPCs in vaccinating patients before the onset of influenza activity in the community, which is the optimal practice suggested by the U.S. Centers for Disease Control and Prevention (CDC). The CDC recommends offering influenza vaccination to patients in routine health care visits to avoid missed opportunities [27] . The low vaccine uptake rate clearly showed that GOPCs, being the main access to public primary care, were ineffective in capturing patients eligible for vaccination. As increased influenza activity usually begins between late December and early January in Hong Kong, effective measures to capture at-risk elderly people early in the vaccination period are essential to maximize the protection provided by the vaccination.
This study may have resource implications on the practice of vaccination promotion. Despite the effectiveness of patient education, its implementation in the health care system may be difficult due to limited consultation time and health care staff shortage, especially in the public sector. Overseas economic review also pointed to high cost of promotion intervention in the setting of clinics [28] . In view of these difficulties, intervention was administered by medical students in this trial, rather than physicians, nurses or pharmacists in previous studies. They were instructed to strictly follow a standardized script. We believe that a standardized intervention is more affordable as it greatly reduces the training Impact of education on elderly flu vaccine uptake and expertise required. As meta-analysis found that team change involving delegation of promotion and vaccination to nurses was effective, future attempts of using health care assistants or specially trained promoters to increase vaccination uptake may establish a novel cost-saving approach which can be widely implemented under resource constraint [29] . Moreover, a trend was shown in the subgroup analysis that education was most effective in the group of patients who were uncertain whether they would receive vaccination. Although odds ratios of groups of patients divided by initial intention to get vaccinated were not statistically different (P ¼ 0.094) due to the small sample size, it was still likely that vaccination intention had a substantial impact on the effectiveness of education intervention. Similarly, a trial of promoting influenza vaccination to the elderly by mailed brochure and telephone calls found significant interaction between prior receipt of vaccination and effect of intervention, resulting in much lower number needed to treat in the previously unvaccinated group when compared with the group that received vaccination in the preceding year [30] . If future studies confirm the possibility of predicting effectiveness of promotion by intention or vaccination history, screening questions such as "Are you planning to receive influenza vaccine this year?" may be asked, so that patients who are most likely to benefit from the intervention are selected and resources can thus be saved.
A surprising finding in subgroup analysis was that patients' intention may not translate into actual vaccination. Only about half of the patients who decided to get vaccinated would end up receiving vaccination within the study period, regardless of whether intervention was given. Although empirical evidence and review suggested that intention alone is an inadequate predictor of actual vaccination, a local study found that the combination of vaccination intention and vaccination planning, i.e. deciding where and when to go for vaccination, could predict actual vaccination [31] [32] [33] . However, this study found that even among patients who intended to be vaccinated and were present in a clinic with vaccination service, the vaccination rate was still low, revealing a gap between vaccination planning and action. While the discrepancy between vaccination planning and action has been little explored in the literature, this phenomenon shows that GOPCs were ineffective even in vaccinating those who were willing to get vaccinated. This may be partly explained by the systematic barriers to vaccination in the clinic, e.g. long waiting time due to limited quotas in each timeslot and unclear signage to nursing stations. Further study regarding the effect of organizational measures on vaccine uptake of this group of patients is warranted as more promotion and health care profession's advice are unlikely to improve their uptake.
Strengths and limitations
Only a few RCTs have been conducted to evaluate the effect of patient education on influenza vaccine uptake in the elderly [11, 12] . The quality of existing evidence was shown to be unsatisfactory due to small sample sizes, risk of selection bias and incomplete outcome data in a systematic review [10] . With a larger sample size and more rigorous study design and reporting, this trial serves to consolidate the evidence of education improving influenza vaccination rate. The high participation rate and intervention completion rate, together with the absence of loss to follow-up, supported the validity of the results. In addition, although the effectiveness of educating Chinese elderly patients has been studied in pneumococcal vaccination, its effect on influenza vaccination remains unclear [23] . Being the first RCT of its kind conducted in Asian population, it demonstrated the potential of patient education across different cultures.
The study had several limitations. Firstly, the 3-day follow-up period for primary endpoint was relatively short. The medium-and long-term effects of the intervention could not be evaluated. It is possible that social influence and patients' belief of the best timing of vaccination may interact with the observed intervention effect. Longer follow-up is therefore desirable in future studies. However, the intervention effect is likely to remain significant in longer follow-up, as only K. C. Leung et al. six additional vaccinations occurred between day 3 and day 9 post-intervention. Sensitivity analysis showed that ARRs in follow-up periods as long as 9 days were consistently significant. Secondly, this study only included patients attending GOPCs in Hong Kong, so the results may not be generalizable to other health care settings or healthy community-dwelling elderly people. The conduct of the trial in a relatively affluent district may have also limited its generalizability [34] . Replication of this study in different settings and communities would therefore be desirable. Thirdly, the control group should have received similar amount of attention, e.g. education on diet and exercise, in order to ensure that the differences in outcome were strictly caused by the intervention. Lastly, the discrepancy between vaccination intention and action found in subgroup analysis may be partly attributed to social desirability bias. Participants may feel pressured to show intention to get vaccinated instead of providing the honest answer. Future investigators could phrase the question differently to minimize the bias [35] .
Conclusion
The study met its primary endpoint that a brief face-to-face patient education was effective in increasing influenza vaccine uptake rate of community-dwelling elderly patients. However, the results became slightly above the significance threshold after adjusting for multiple covariates in regression analysis. A standardized approach allows patient education to be conducted by staff other than doctors and nurses in clinical settings. Future studies may focus on identifying the patients who are most likely to benefit from patient education and organizational measures to remove barriers to receive vaccination.
